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a b s t r a c t
The fluorescence spectra of some selected composite molecules 
as a function of excitation energy have been measured. The experi­
mental techniques used to record the fluorescence spectra as a function 
of wavelength are discussed. The changes observed in the fluorescence 
spectra are attributed to the elimination of inhomogeneous broadening. 
The selective excitation technique is used to eliminate inhomogeneous 
broadening.
The absorption and emission spectra of some cyclic imides 
and cyclic (3-diketones have been studied. Experimental evidence is 
presented which indicates that the cyclic imides and cyclic 0-diketones 
have similar charge distributions.
The emission spectra of some selected aromatic carbonyl com­
pounds have been studied. The experimental evidence indicates that 
fluorescence occurs from peroxybenzoic acid..
Construction and operation procedures for a new densitometer 
attachment and a nano-second light source are presented. The densito­
meter attachment represents a novel discovery because it represents a 
totally new concept in chemical instrumentation.
viii
CHAPTER I
A. Introduction
Composite molecules have been studied in these laboratories 
for several years. During this period many definitions for composite 
molecules have been proposed. Composite molecular systems can be 
formed by bringing two subsystems together so that a single stable 
conglomerate system is formed. In the zeroth approximation, molecular 
orbitals of the conglomerate system can be formed from the molecular 
orbitals of the subsystems when the subsystems are infinitely far 
apart. The mutual perturbation existing between the two subsystems 
combines the basis molecular orbitals as the systems approach each 
other. The degree of mixing of the basis molecular orbitals of the 
subsystems is a rapidly changing function of the distance and angle 
between the two moities. This perturbation brings about a uniqueness 
of identity for the conglomerate species. If no such perturbation 
existed, the interpretation of the spectra of complex molecules would 
be trivial. The interaction between two subsystems can usually be 
expressed in terms of the distance, angles, or combination of these 
parameters specifying the separation and/or relative orientation of 
the two subsystems.
The recent studies of Holloway*, King^, and McDonald^, 
were initiated to clarify some anomalies reported by previous workers 
in these laboratories. McDonald primarily studied compounds with 
rigid geometries, fixed by chemical bonding. Holloway and King mainly
1
2studied compounds with more flexible or variable geometries. The 
three studies indicated that considerable coupling of states of the 
subsystems occurred in the formation of the states of the composite 
molecules. The results reported by these authors parallel those re­
ported by Berlman for other composite molecules^1.
This investigation was initiated to study the emission 
spectra of planar 2-phenylnaphthalene and planar biphenyl. The planar
orientation is not the preferred structure for either 2 -phenylnaphtha-
5
lene or biphenyl. However, the calculations performed by Holloway
£
and Imamara and Hoffman suggest that a number of these molecules are 
in fact planar in the different electronic states. The planar ground 
states were studied by selective excitation techniques.
B. The Nature of the Emitting System
Fluorescence emission is the phenomenon observed when an 
excited atomic or molecular species emits radiation as the system 
returns to the ground state of a particular spin multiplicity from a 
higher energy state that has the same spin multiplicity as the ground 
state. The system is usually excited to a higher energy level by the 
action of an external field, i.e., either a radiation field or an 
electrical field. Following the excitation process, the excited 
molecular system undergoes Intramolecular conversion. Intramolecular 
conversion occurs within 10"12 seconds after the excitation process. 
The molecular system usually is in the zeroth vibrational level of the 
first excited state after intramolecular conversion. The molecule can 
then emit radiation and return to the ground state or exist in the 
excited state for a brief period while the solvent system adjusts to
3the higher-than-normal energy situation. Radiation emitted from the 
excited state which is not stabilized by the solvent occurs from the 
Franck-Condon state. Radiation emitted by the solvent stabilized 
excited state occurs from an equilibrium excited state. The geometry 
of the Franck-Condon state is similar to the geometry of the ground 
state. However, the geometry of the equilibrium excited state may be 
considerably different from the geometry of the ground state. Fluores­
cence from an equilibrium excited state usually occurs at a lower energy 
than the fluorescence from a Franck-Condon state. Solvents which are very 
rigid do not relax easily to give an equilibrium excited state and the 
emission observed from solutes in these solvents may occur from a 
Franck-Condon state. The fluorescence observed from compounds which 
are sterically hindered and are in a rigid medium usually occurs from 
a Franck-Condon state^.
C . Literature Survey
Host authors state that the fluorescence spectra of a com­
pound is independent of the excitation energy®. This attitude is well 
entrenched in the minds of most spectroscopists and is commonly used as 
the criterion for purity of a sample, i.e., if a sample is impure it 
will have more than one fluorescence if the impurity is capable of 
fluorescence.
Fletcher has recently measured the change in the fluorescence 
spectra of a series of compounds with excitation energy®. The com­
pounds studied by Fletcher had rotatable chromophores and are similar 
to those systems studied in this research. In a series of related 
experiments, El-Bayouml and Halim studied the change in fluorescence
4spectra as a function of temperature for sterically hindered compounds?. 
The studies of El-Bayoumi and Halim indicate the difference between 
emissions occurring from a Franck-Condon state and those occurring 
from an equilibrium excited state.
CHAPTER II 
EXPERIMENTAL TECHNIQUES
A. Solvents
1. Hydrocarbon solvents
Emission and absorption free 3-methylpentane (3-MP) was 
prepared by intermixing Phillips pure grade hydrocarbon with fuming 
sulfuric acid for twelve hours. The hydrocarbon layer was then 
washed three times with water, three times with a saturated solution 
of sodium carbonate and again three times with water. Next it was 
dried for twenty-four hours over anhydrous magnesium sulfate and then 
distilled through a 30-inch column packed with glass beads. Commer­
cial spectroquality 2 -methylbutane was used without further purification.
2. Ethyl Alcohol
U.S.I. absolute alcohol was used without further purification. 
The trace quantity of benzene in this solvent presented no complications.
3. Ethyl Ether
Eastman spectroquality ether was used without further 
purification.
4. EPA
This solvent mixture was prepared by mixing 5 parts 
2-methylbutane, 5 parts ethyl ether, and 2 parts absolute alcohol 
by volume. Small quantities were prepared for each use because upon 
aging the mixture develops an absorption in the ultraviolet region 
and gives an emission that prevents its use.
5
6B. Compounds
X. 2-Phenylnaphthalene
Pure synthetic 2-phenylnaphthalene was prepared by the 
method described by Holloway^-.
2. Biphenyl
This compound was donated by J. R. King. Methods used 
for its purification are described elsewhere^.
3. 2 1-Methyl-2-Phenylnaphthalene
This compound was prepared by James Harris^ and used 
without further purification.
C . Spectral Measurements
1. Absorption Measurements
Absorption spectra were recorded with a Cary Model 14 
spectrophotometer. Its wavelength accuracy is +3 A with a reported 
resolving power of 1 A throughout the range 1900-13,000 A.
Spectra at ambient temperature were recorded between 
22° and 26°C. Low temperature spectra (77°K) were obtained from 
samples suspended in a quartz dewar filled with liquid nitrogen. A 
cell holder was used to position the sample cell In the incident beam. 
Figure 1 shows the construction details of the cell holder. A 1 cm. 
cell filled with solvent at room temperature was placed in the 
reference compartment. Both 3-MP and EPA form transparent rigid 
glasses at 77°K and were used as solvents for the compounds when 
low temperature absorption spectra were determined. Shattering of
7FIGURE 1.
Cell holder for absorption measurement at 77°K 
B - Light baffles
A - 1-1/2" o. d. 1/4" thick brass plate with
1 cm. x 1 cm. square aperture 
B-^  - 1-1/2" o. d. 1/4” thick brass plate with 1/8"
deep 1 cm. x 1 cm. square hole for cell support
80
A
B B
FIGURE I. Cell holder for absorption measurements at 77°K
the fragile 1 cm. square absorption cell upon thawing was prevented 
by immediately transferring it from the quartz dewar to a styro­
foam cup filled with liquid nitrogen. Cells treated in this manner 
thaw very slowly and thermal stresses which lead to breakage are 
minimized.
2. Emission Measurements with the Cary 14
Some emission spectra were recorded with the Cary 14 
being used as the detecting device. The sample, contained in an 
emission-free quartz test tube, was placed at the focal point of 
the lens used for gathering light ordinarily emitted by the tungsten 
lamp and was surrounded by a quartz dewar. Liquid nitrogen bathed 
the sample when measurements at 77°K were necessary. Room tempera­
ture emissions were recorded without thermostating the sample.
Front surface excitation was used for exciting emission spectra.
The Cary 14 was operated in a single beam or reference mode with 
the 0 - 1 0 per cent transmission slidewire in the recorder.
Excitation energy emitted from a 450 watt xenon arc lamp 
was monochromatized by a Cary 15 monochromator and directed to the 
front surface of the sample with a mirror. Sometimes it was 
necessary to replace the 450 watt lamp by some other excitation 
source. This was accomplished by removing the lamp housing from 
the Model 15 monochromator and focusing the output of the desired 
source onto the entrance slit. Figure 2 illustrates the total 
emission apparatus that included the Cary 14 as a detection device.
FIGURE 2.
Total emission accessory for Cary 14
M  - Mirror
B - Excitation beam
S - Sample
F - Dewar flask
D - Plywood mounting bracket
T
I
T
I
I
F
top view
B
FIGURE 2. Total emission, accessory for Cary 14
side view
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Some emissions were recorded when excited by a line source. 
Solution filters of the type described by Kasha^ and Pellicori*^ 
were used to isolate lines emitted by the elements. Gates Zn or Hg 
lamps were used as the line sources when this was necessary. Figure 3 
illustrates the apparatus used for this purpose.
3. Emission Measurements With Home-Built Fluoro-Phosphorimeter
Emission spectra were also measured by means of a new 
fluoro-phosphorimeter (FPR) built by the author. Dr. J. H. Wharton 
selected the components used in the FPR. Figure 4 shows a block 
diagram of the FPR.
Excitation energy for the FPR was supplied by a 450 watt 
xenon arc lamp coupled to a Cary 15 monochromator. The excitation 
energy from the Cary 15 was directed to the sample with a front 
surfaced mirror. The emitted light from the sample was focused on 
the entrance slit of a Jarrell-Ash .5 m  Ebert monochromator. The 
Ebert monochromator is the emission monochromator and the Cary 15 is 
the excitation monochromator. The Ebert monochromator is used to 
determine the frequencies appearing in the emission.
A Princeton Applied Research Model 125 light chopper was 
used to modulate the emitted light from the sample. This chopper was 
placed adjacent to the entrance slit of the Ebert monochromator and 
interrupted the beam at a certain frequency. The chopper also provided 
a reference signal for a lock-in amplifier, but this will be discussed 
later.
The chopped light passing through the entrance slit of the 
Ebert monochromator was then focused on a diffraction grating.
13
FIGURE 3.
Total emission apparatus 
with atomic line source for excitation 
and Cary 14 detection system
D - Cary 14 
L - Lens 
F - Dewar flask 
S - Sample 
T - Filter train
W  - Atomic line source (Gate’s lamp)
14
F
FIGURE 3. Total emission apparatus with atomic line source for 
excitation and Cary 14 detection system
15
FIGURE 4.
Block diagram of FPR
C - Excitation monochromator 
M  - Front-surfaced mirror 
S - Sample 
M^ - PAR Model 125 light chopper
P - PAR Model 182 photomultiplier housing
J - .5 meter Jarrell-Ash monochromator 
M2 - PAR Model 280 power supply
M3 - PAR Model 221 A. C. photometric preamp
M^ - PAR Model 211 preamp
M5 - Low frequency band-pass filter 
M5 - PAR Model 220 lock-in amplifier 
M 7 - Hewlett-Packard Model 7004A X-Y recorder
16
________
FIGURE 4
C
Block diagram of FFR
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Different frequencies are brought to focus on the exit slit by rotating 
this grating. The grating can be rotated either automatically or 
manually.
The monochromatic radiation from the exit slit was directed 
to an EMI 9558 QB photomultiplier which measured the intensity of the 
light. This photomultiplier is an extremely sensitive detector and 
can measure the light emitted when cosmic rays pass through the quartz 
envelope surrounding the photocathodp.13. This effect is known as 
Cerenkov radiation and has been studied by physicists^. A group of 
ceramic magnets was placed in the photomultiplier tube housing to 
focus the photoelectrons generated by the Cerenkov effect away from 
the first accelerating dynode. This prevented amplification of the 
photoelectrons produced by Cerenkov radiation. Figure 5 shows the 
PAR Model 182 photomultiplier housing, the detector, the magnets, and 
the field resulting from them. Only photoelectrons emitted by photons, 
the path of which is normal to the weakest point of the field, are 
allowed to reach the first dynode stage. High voltage for the photo­
multiplier was obtained from a PAR Model 280 Power Supply. The 
photocathode was normally maintained at -1000 volts.
The signal from the photomultiplier was then amplified with 
a PAR Model 221 Photometric Preamplifier. The Model 221 was also 
located in the Model 280 photomultiplier housing. The Model 221 was 
placed in the housing so that the signal from the photomultiplier 
would not be attenuated by the transmission lines. The Model 221 is 
used as a variable gain wide band amplifier.
The signal from the Model 221 was then passed through a low 
band pass filter. This filter attenuated frequencies which were
18
FIGURE 5.
Diagram of magnetic lens assembly for 
reducing photomultiplier dark current
U - pi-metal shield 
T - Photomultiplier 
P - Photocathode 
M - Ceramic ring magnets 
H - Magnetic field lines 
PFE - Teflon supports
19
FIGURE 5. Diagram of magnetic lens assembly for reducing photo­
multiplier dark current
20
higher than the fundamental chopping frequency. The design of the
filters is described e l s e w h e r e ^ .
The filtered signal was again amplified by a PAR Model 211 
wide band amplifier. This amplifier has a flat frequency response 
from 1 to lQ^Hz and will not amplify d. c. signals. A gain from 1 to 
1000 is available with this amplifier. The amplifier becomes very 
noisy at high gain values.
The signal from the Model 211 was further amplified by a 
PAR Model 220 Lock-In amplifier. The Model 220 amplifies only those 
signals which are of the same frequency and phase as the chopping 
frequency. The Model 125 light chopper provides a square wave voltage 
which serves as a reference for the Model 220. This method is known 
as phase sensitive detection and is described elsewherel^. Phase 
sensitive detection is useful because it improves the signal to 
noise ratio. The Model 220 is usually considered the heart of a 
signal recovery unit.
The output from the Model 220 was then connected to the 
vertical axis of a Hewlett-Packard Model 7004A X-Y Recorder. A 
Hewlett-Packard Model 17172A Time Base Generator was used to drive 
the X axis. Wavelengths were marked on the chart paper by momentarily 
deflecting the pen on the recorder.
Emission spectra were obtained by exciting the sample with 
light from the Cary 15 monochromator. The emitted light from the 
sample was then detected and amplified as the wavelength drive on the 
Ebert monochromator was varied. Excitation spectra were obtained by 
fixing the Ebert monochromator's wavelength drive at a particular
4
21
frequency and varying the wavelength drive on the Cary 15 monochromator.
A standard lamp was available for quantum yield measurements but was 
not used in this research.
Phosphorescence lifetimes longer than 1 sec can also be 
measured with the FPR. A guillotine shutter with a fall time much 
less than the phosphorescence lifetime was used to eliminate the 
exciting light. The phosphorescence decay was recorded by sweeping 
the X-axis of the Model 7004A X-Y Recorder while applying the output 
of the Model 220 Lock-In amplifier to the Y axis. A time constant 
less than 1/5 of the phosphorescence lifetime was used on the Model 220. 
The Model 220 distorted the waveform if time constants larger than this 
value were used.
The FPR was also designed for time-resolved spectroscopy 
studies. Time-resolved spectroscopy is used to study the kinetics 
of excited state deactivation. A PAR Model 160 Box-Car integrator 
was to be used for improving the signal to noise ratio by a repetitive 
sampling method. The theory of box-car integrators is discussed 
elsewhere*-^. A hydrogen lamp similar to that designed by Hundley**®,
19et. al., with a switching mechanism similar to that designed by Malmberg
was used as a light source for these studies. The low intensity of the
lamp prevented its use as a light source for these studies. Selinger 
20and Speed describe a simple unit for time-resolved spectroscopy that 
could be used with the box-car integrator if the lifetimes involved 
were larger than 100 nanoseconds. A TRW Fluorescence Lifetime 
apparatus was also used to measure fluorescence lifetimes. The cir­
cuit for this lifetime apparatus is described by Mackey, £t. al.2-1-.
22
It was found that lifetimes measured with this apparatus did not agree 
with those reported in the instruction manual. One could not reproduce 
the fluorescence lifetime of quinine sulfate with the TRW instrument. 
Because of this discrepancy, the TRW instrument was not used in this 
research.
A Becquerel type phosphoroscope was used with the FPR when 
it was necessary to isolate the phosphorescence spectra. A lens was 
used to focus the phosphorescence from the sample onto the entrance 
slit of the Ebert monochromator. A General Electric AH-6 Mercury 
lamp was used to excite the phosphorescence.
The Ebert monochromator, the sample holder, the lens, and 
the chopper were mounted on a 16" x 40" x 1/2" aluminum table. The 
lens and sample holder were aligned with the aid of a mercury pen-lamp. 
A large metal box covered the optical components and prevented ambient 
light from damaging the photomultiplier.
Several techniques are available for improving the operation 
of the FPR. Because each of these Is a research problem in its own 
right, they were not attempted by the author. Cooling the photomulti­
plier to dry ice or liquid nitrogen temperatures can be used to improve
22,23
the sensitivity by a factor of 10^ . The photomultiplier can also
by pulsed for a short period of time to 3000-4000 volts for improving 
sensitivity^. These two methods would allow one to improve the 
sensitivity of the FPR by a factor of 10^-10^.
Emission spectra can be recorded over a wide range of tem­
peratures with the FPR. A quartz dewar filled with liquid nitrogen 
was used to thermostat the samples for studies at 77°K. One can 
measure emissions from samples in the solid, liquid, or gaseous
23
phases with the FPR.
Solutions used in emission work were 10“^ to 1 0 ”4 m. Both 
3-MP and EPA were used as solvents since they form clear glasses at 
low temperature. Oxygen was removed from the samples by repetitive 
application of the freeze-thaw method. Vacuums approaching 10“^ torr 
were used for degassing. Emission free quartz test tubes were used 
as sample cells.
Sometimes it was necessary to measure the emissions of 
samples condensed on small glass plates at 77°K, The glass was first 
cooled with liquid nitrogen and the solution was added dropwise. It 
immediately formed a glass that was a transparent rigid medium. This 
method was used vAien quartz test tubes emitted interfering radiation.
D. The Photographic Method and Densitometry
Some emissions measured in this work were not intense 
enough for photoelectric recording. These were photographed with a 
Bausch and Lomb medium quartz spectrograph; Kodak 103-F plates 
were used as detectors. An arrangement of components suitable for 
photographing spectra is diagrammed in Figure 6 . Front surface 
excitation was used for exciting the emissions. Focusing of the 
light on the slit of the spectrograph was accomplished by means of 
Brode's Method^. The sample wsb placed in a quartz dewar and kept 
at liquid nitrogen temperature throughout the exposure. The plate 
was exposed to the emissions for 2 to 36 hours. Calibration was 
achieved by superimposing lines from a low pressure mercury arc on 
the spectra. The plates were usually traced with a Leeds and Northrup 
recording microdensitometer.
FIGURE 6
Arrangement for measuring emissions photographically
W  - 450 watt xenon lamp 
E - Excitation monochromator 
S - Source 
L - Lens 
M - Mirror 
S - Slit 
MQ - Medium quartz spectrograph 
P - Photographic plate
sp
FIGURE 6 . Arrangement for measuring emissions photographically
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During the course of this investigation, a densitometer 
accessory was designed and built which allows one to use the Cary 14 
as a recording densitometer. This accessory fits into the sample 
compartment of the Cary 14 and utilizes a mirror arrangement to 
transmit light through a photographic plate as its position is varied. 
This unit is inexpensive since it utilizes the electronics and 
optics of the Cary 14. Figure 7 shows tracings of spectra obtained 
with the Cary 14 and the accessory and compares them with tracings 
measured with a commercially available instrument. A patent for 
this device has been filed. Construction and operating details are 
outlined in Appendix B.
27
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FIGURE 7. Comparison of densitpoeteertracing obtained with Leeds and 
Northrup densitometer (A) and densitometer tracing of same plate 
obtained with densitometer attachment and Cary 14 combination (B). 
This is a fluorescence from biphenyl.
CHAPTER III 
RESULTS AND DISCUSSION 
The absorption spectrum of 2-phenyInaphthalene is shown in 
Figure 8 (B). This spectrum was obtained from a sample in a hydro­
carbon glass at 77°K. Even at this low temperature the spectrum is 
diffuse and lacks structure. This lack of structure in the spectrum 
can be attributed to inhomogeneous broadening. Inhomogeneous broaden­
ing occurs when the sample being studied can exist in a variety of 
conformations. Intramolecular and/or intermolecular interactions 
are responsible for inhomogeneous broadening. Solution Bpectra are 
more influenced by inhomogeneous broadening than are solid or vapor 
spectra. The absorption spectrum of 2-phenylnaphthalene is diffuse 
because of inhomogeneous broadening caused by the relative orientations 
of the naphthalene and benzene subsystems.
Figures 9 and 10 show the fluorescence spectrum of 2-phenyl- 
naphthalene. The spectrum in Figure 9 was obtained by means of the 
Cary 14 detection system and the spectrum in Figure 10 was obtained 
by means of the FPR. This fluorescence occurs from 2-phenylnaphthalene 
that is excited at 2870 A, i.e., in the region of the lj^ transition. 
This spectrum, classified as Emission A in the following discussion, 
is broad and lacks the structure which is characteristic of planar 
molecules. According to Holloway^, this emission occurs from an 
equilibrium excited state that has a planar conformation.
Figure 9 shows the fluorescence which occurs when 2-phenyl- 
naphthalene is excited at 3282 A in the lead edge of the 1 ^
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FIGURE 8. (A) Fluorescence at 77^K of 2'-fluoro-2- 
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FIGURE 9. Fluorescence at 77°K of 2-phenylnaphthalene excited at 
different energies from 3-MP solution.
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FIGURE 10. Fluorescences at 77°K of 2-phenylnaphthalene excited at different energies from 
3-MP solution (obtained with FPR)
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transition. The spectrum shown in Figure 9 was obtained by means of 
the Cary 14 detection system and the spectrum in Figure 10 was obtained 
by means of the FFR detection system. This fluorescence will be known 
as type B in the following discussion. The fluorescence shown in 
Figure 9 was obtained by exciting 2-phenylnaphthalene with the 3282 
A line emitted by a zinc lamp. The fluorescence shown in Figure 10 
was obtained by exciting 2 -phenylnaphthalene in the lead edge of the 
■*-Lg transition with the monochromatized output of a xenon lamp. The 
excitation monochromator's slits were fixed at 1 mm. in this experi­
ment. This narrow slit width allowed only a narrow distribution of 
energies passage through the excitation monochromator. Emission B is 
more structured than emission A and occurs at longer wavelengths than 
emission A.
Figure 11 shows the fluorescence spectrum of 2 ’-methyl-2- 
phenylnaphthalene. This fluorescence is broad and structureless and 
is blue-shifted relative to that of 2-phenylnaphthalene. The two 
fluorescence spectra of 2 *-methyl-2 -phenylnaphthalene were obtained 
by exciting at different energies. The fluorescence of 2',-methyl-2- 
phenylnaphthalene does not change as the excitation energy varies.
Both the ground and excited states of 2'-methyl-2-phenylnaphthalene 
are non-planar.
Figure 8 (A) shows the fluorescence spectrum of 2'-fluoro-2- 
phenylnaphthalene^. This emission is structured and occurs from a 
planar excited state. The ground state of 2 1-fluoro-2-phenylnaphthalene 
is planar because of hydrogen bonding. Emission B is structurally 
similar to the fluorescence of 2 1-fluoro-2-phenylnaphthalene. This
33
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FIGURE II, Fluorescences at 77°K of 2 1 -methyl-2-phenylnaphthalene 
excited at different energies from 3-MP solution
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similarity suggests that emission B possibly occurs from a planar 
excited state.
Figure 12 shows the absorption spectrum of biphenyl 
dissolved in 3-MP at 77°K. The absorption spectrum of biphenyl lacks 
structure even at 77°K.
Figures 13 and 14 show the fluorescence spectrum which 
occurs from biphenyl excited at 2655 A in a rigid hydrocarbon 
glass. The spectrum shown in Figure 13 was obtained with a Bausch 
and Lomb medium quartz spectrograph. The spectrum shown in Figure 14 
was obtained with the FPR equipment. The lowest energy excited 
singlet state is not precisely known. Berlman has suggested that a 
low-lying singlet occurs at 2800 A . His suggestion was based on 
the exceptionally long natural fluorescence lifetime (89 nsec.) of 
biphenyl. A long natural fluorescence lifetime indicates that a weak 
absorption occurs. The emission observed from biphenyl excited at 
2655 A is broad and not very structured and will be referred to as 
emission A 1.
Figures 13 and 14 show the fluorescence observed from 
biphenyl excited at 2900 A in a rigid medium. This fluorescence 
will be referred to as emission B'. The slits of the excitation 
monochromator were set at 1 A  during this experiment. A very narrow 
range of frequencies passed through the monochromator when the slits 
were set at this width. The fluorescence spectrum shown in Figure 13 
was photographed with a Bausch and Lomb medium quartz spectrograph.
An exposure time of thirty-six hours was required to obtain a measur­
able density of plate blackening. The fluorescence spectrum shown in
3000 2800 2600 2400 2200 A
FIGURE 12. 77°K absorption of biphenyl from 3-MF solution
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FIGURE 13. Densitometer tracings of the fluorescences from 
biphenyl excited at different energies from 3-MP solution 
(traced with densitometer accessory)
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FIGURE 14. Fluorescences at 77°K of biphenyl excited at different energies from 3-MP solution 
(obtained with FPR)
Figure 14 was obtained by means of the FPR equipment when the 
apparatus was assembled. The same spectrum could be recorded in 
less than ten minutes with this new photoelectric device. The 
spectra obtained by the two different methods agree very well with 
respect to intensity and wavelength. Emission B 1 is considerably 
different from emission A ' . One vibrational band in emission B* 
occurs at higher energy than any obviously apparent in A'.
The results of these experiments can be explained with 
the aid of a simple intramolecular potential function* This 
potential function is similar to the one discussed by Imamara and 
Hoffman** and was used by Holloway in his calculations^. The inde­
pendent variable in the expression for the potential is 0 , the 
angle between the two subsystems of the composite molecule. The 
values 9 can assume are restricted to Q<9<n/2 for unsubstituted 
subsystems.
The electronic ground state of 2-phenylnaphthalene has 
minimum energy when 9 is approximately 30°. Figure 15 shows the 
energy as a function of 9 for the ground and excited states of 2 - 
phenylnaphthalene. The same potential function can be used for 
biphenyl. In fact, the repulsive potential used by Holloway was 
previously employed by Goodwin and Morton-Blake2® to interpret the 
conformation of biphenyl. The ground state of biphenyl is minimized 
when 9 takes on the value 30°. The electronic transition energy 
from the ground state to the first excited state is minimized at 
0 = 0.
At low temperatures most of the molecules in solutions of
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FIGURE 15. Zero-point energy of 2-phenylnaphthalene versus 0 
for both ground state and first excited state
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both biphenyl and 2 -phenylnaphthalene are symmetrically distributed 
about the equilibrium conformation. An examination of the relative 
abundance of conformers as a function of angle 0 is revealing^.
Such a plot clearly demonstrates that a minute number of molecules 
exist in the planar confoimation at low temperatures. For small 
values of 9, i.e., 0 <5°, the number of molecules as a function of
9 is essentially constant. Because of the number of molecules with 
the planar geometry in the ground state and because of the minimum 
excitation energy associated with the transition from the ground to 
the first excited state, it seems reasonable that one can excite 
nearly planar molecules by applying a narrow range of excitation 
energies in the low energy edge of the absorption spectrum. This 
experiment was done and the emissions which occurred were labeled 
as B and B* in the cases of 2-phenylnaphthalene and biphenyl, 
respectively.
The results of these experiments can be explained in the 
following manner. Ordinarily, a broad range of frequencies in the 
excitation process is used to observe fluorescence. In molecules 
with rigid geometries this wide band of excitation energies does not 
affect the observed fluorescence. However, molecules which have a 
distribution of geometries in the ground state are excited to states 
which also have a distribution of geometries when wide band excitation 
techniques are used. The fluorescence which occurs when wide band 
excitation is used lacks structure because of inhomogeneous broaden­
ing caused by the distribution of molecular conformations. However, 
when a narrow distribution of excitation is used to excite near 
planar molecules, the fluorescence which occurs is structured because
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inhomogeneous broadening effects have been eliminated. In other words, 
the dielectric medium which is absorbing from the radiation field can 
be considered to consist of a distribution of absorbers. Each absorber 
has a unique conformation. Some are planar and some are non-planar.
The abundance of the absorbers is related to their energies which are 
determined by 8 . By applying a narrow radiation field in the lead 
edge of the absorption spectrum, a Fourier analysis of the mixture is 
brought about. Only the molecules with near planar conformations 
absorb the energy from the field. The resulting fluorescence is 
structured because of the planarity of the ground and excited states 
and because the effects of inhomogeneous broadening have been overcome* 
Selective excitation methods can probably be applied to 
other molecular systems which contain rotatable chromophores. The 
experimental techniques discussed in this dissertation would be 
applicable to many composite systems. Fluorescence decay times of 
composite molecules as a function of excitation energy would yield 
more precise data related to the geometrical conformation of the 
molecules. The parameters obtained through time resolved spectro­
scopy should be related to the degree of interaction between the 
solvent and solute.
PART II 
IMIDES AND (3-DIKETONES
CHAPTER I
A. Introduction
The group of compounds classified as 3-diketones have in­
teresting properties. 0 -diketones are capable of exhibiting the 
phenomenon known as enol-keto tautomerism. Tautomerism is the 
phenomenon of interconvertible isomers which differ only with respect 
to the location of a hydrogen atom. Enol-keto tautomerism is the 
interconverBion between the ketone form (keto) and alcohol form (enol) 
of compounds in which a hydrogen atom is attached to the af-carbon 
between two strongly electron withdrawing substituents^. The enol 
forms of compounds are frequently sufficiently different chemically 
from the keto forms to allow separation of the two forms^®.
0-diketones can be represented by the following structural
9 0formula: n n
r 1-c -c h 2-c -r 2
If Ri is identical to R 2 , the structure represents a sym­
metrical 0-diketone. If Rj is different than R 2 , the structure 
represents an unsynnnetrical 0-diketone. If R^ and R2 are connected 
via one or more methylene groups, the compound is known as a cyclic 
dione. The following structure of 1,3-cyclopentanedione is repre­
sentative of a cyclic dione:
Because 0-diketones..undergo enol-keto tautomerism, a solution 
formed by dissolving a 0-diketone in a solvent will contain species
0 *
h2—  CH2
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classified as alcohols and ketones. These species result from the
following equilibria:
0 0 OH 0 0 HO
ii it i ii it ■
Rl-C-CH2 -C-R2 -  Rl"C = CH-C-R2 ss Rl-C-CH = C-R2
The species which are formed through this equilibrium are neutral.
Charged species can also be formed in solution. Charged species can
be formed because of the acidic nature of the o-hydrogens. The
strongly electron withdrawing carbonyl groups adjacent to the
af-carbon enhance the following equilibria:
0 0 -H 0 0
R1-C-CH2 -C-R ^  R 1-C-CH-C-R2 (1)
0 - 0
R]_ -C = CH-C-R2 (2)
0 0 -
11 i
•* Rl-C-CH = C-R2 (3)
Structure 1 is known as a keto ion and structures 2 and 3 are known 
as enol ions. The addition of a small amount of base, i.e., NaOEt, 
NaNH2 , etc., enhances the formation of these ions.
From this preliminary discussion it is obvious that a 
dielectric medium formed by dissolving a P-diketone in a suitable 
solvent would possibly have optical properties analogous to the 
structural peculiarities, of the different species in solution.
External variations, caused by the addition of a base or a change in 
solvent, change the relative abundance of the species in the solution. 
This change in concentration of species should also be reflected in 
the change in optical properties of the medium. Recently Cheng^ 
has shown that unique absorption and emission spectra can be assigned to 
certain species in the solution. Cheng has also discovered an emission
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which he assigns to the keto ion structure of the enolate ion. This 
assignment of an emission to the keto ion seemingly violates the 
established principles of resonance theory. According to the 
resonance theory, it is impossible to characterize any canonical 
structure representing a molecular species. This premise depends 
critically upon the preservation of geometry by the different 
canonical structures representing the molecular species. An examina­
tion of the structure represented by the keto ion reveals that the 
geometry of the keto ion is different than the geometry of the 
enolate ions. This difference in geometry arises through the sp3 
hybridization of the of-carbon in the keto ion. The ce-carbon in the 
enolate possesses sp2 hybridization. It appears from this discussion 
that the keto ion should not be used as a canonical structure because 
of the geometric difference. This incompatibility with respect to 
geometry makes it possible to discuss the keto ion as a unique 
species.
This research was initiated to study the keto ions as the 
geometry of the initial starting material, i.e., the P-diketone, was 
varied. If the geometry of an initial p-diketone is such that the 
formation of the keto ion is prohibited, i.e., sp^ hybridization at 
the a-carbon can not occur, no emission or absorption characteristic 
of the keto ion should appear in the spectrum. Several five and six 
membered cyclic compounds were studied in this investigation because 
it was felt that the change In geometries experienced in passing from 
five to six membered rings would alter the ease of formation of the 
keto ion.
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B. Literature Survey
A paucity of literature has been published describing the 
electronic spectra and luminescence spectra of the imides and 
0 -diketones which were investigated in this work. The infrared spectra 
of both imides and 0 -diketones have received considerable attention. 
Bellamy and Beecher have investigated the effects of chelation on the 
carbonyl stretching frequency of 0 -diketones and found that a number 
of molecules are in the enol form^.
Uno and Machida have measured the infrared spectra of 
succinlmlde in the single crystal and have studied deuteration effects . 
Uno and Machida concluded that succinimide is planar in the solid state. 
Stich and Leeman^ and Bassingname, et. a l . ^  have studied the infrared 
spectra of a series of cyclic imides. Stich and Leeman measured the 
degree of tautomerism of imides. Bassignama, et. al., also studied the 
degree of tautomerism of cyclic imides.
Blout, Eager, and Silverman have studied the electronic
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absorption spectrum of 5,5-dimethyl-1,3-cyclohexanedione . Blout,
Eager, and Silverman present data which indicate that a particular 
molecular entity is partially responsible for the absorption spectrum. 
Seliskar has recently studied the absorption and emission spectra of 
maleimide^^. Seliskar's Btudy indicates that possibly an n**-n 
transition occurs in the long wavelength region of the absorption 
spectrum of maleimide. Gren and Vanag have measured the ultra­
violet absorption spectra of several substituted 1,3-cyclopentanediones 
and several substituted 1,3-cyclopentenediones^®. Gren and Vanag 
determined the degree of enol-keto tautomerism of some cyclic 3 -diketones.
Gren and Vanag also found that polar solvents cause an Increase In 
the abundance of the enol form and an Increase In the number of ions 
formed by dissociation of the enol form.
CHAPTER XX 
EXPERIMENTAL
A. Solvents
Solvents used in these experiments were purified by the 
techniques described in the experimental section of Part I of this 
dissertation.
B. Compounds
1. 2-Methyl-1 ,3-C yclopentanedlone
This compound was prepared by Dr. G. R. Newkome of this 
department. Dr. Newkome used the method described by Grenda, et:. a l . , 
to prepare this compound. The 2-methyl-1,3-cyclopentanedione was 
vacuum sublimed and stored under nitrogen in a refrigerator.
2. 2-Methyl-1.3-Cyclohexanedione
This compound was donated by Dr. G, R. Newkome. It was 
vacuum sublimed before use.
3. Glutarimide
Glutarimide was prepared by the method described by
Seldner^.
4. Succinimlde
Succlnlmide from Eastman Organic Chemicals was used without 
further purification.
5. N-methylsuccinimtde
N-methylsuccinimide was obtained from K and K  Laboratories 
and was used without further purification.
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Compounds were thought to be "spectroscopically pure" when 
the emission spectra did not change with alteration of the excitation 
energy. All spectra were measured immediately after sample preparation. 
The ions of the 3 -diketones were prepared by methods previously des­
cribed-^ .
C . Spectral Measurements
Absorption and emission spectra were measured by methods 
described in Part I of this dissertation. Excitation spectra were 
measured by varying the wavelength of the Cary 14 monochromator and 
monitoring the intensity of the emission with the Jarrell-Ash mono­
chromator. All excitation spectra were monitored at 4000 A.
CHAPTER III 
RESULTS AND DISCUSSION
The absorption spectrum of 2-methyl-I,3-cyclopentanedione 
at room temperature in EPA solution is shown in Figure 16. The 
spectrum is broad and diffuse and shows no vibrational structure.
Figure 17 shows the absorption spectrum of 2-methyl-1,3-cyclopentanedione 
at 77°K in EPA solution. The absorption spectrum of 2-methy1-1,3-eyelo- 
pentanedione obtained at 77°K is red-shifted relative to the absorption 
spectrum obtained at room temperature. Figures 18 and 19 show the 
absorption spectra of 2-methyl-1,3-eyelopentanedione in EPA solutions 
which contain a small amount of sodium ethoxide. The absorption 
spectrum of the ions show some structure at 77°K, and the spectrum is 
red-shifted relative to that obtained from the neutral molecule. ThiB 
red shift is consistent with the observations of Cheng^.
The emission spectrum of 2-methyl-l,3-cyclopentanedione in 
EPA solution at 77°K is shown is Figure 20. This emission, obtained 
by exciting the sample at 294P nm., is probably a phosphorescence 
because it can be observed with a phosphoroscope.
Figures 21 and 22 show the absorption spectra of 2-methyl-l, 
3-cyclohexanedione obtained at room temperature and 77 °K, respectively. 
The absorption spectrum obtained at 77°K is red-shifted relative to 
the absorption obtained at room temperature. The absorption spectrum 
of the ions formed in EPA which contains a small amount of sodium 
ethoxide are shown in Figures 23 and 24. The absorption spectrum of
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FIGURE 16. Ambient temperature absorption of 2-methy1-1,3-
cyclopentanedione from EPA solution
A3200 2800 2400
FIGURE 17. 77°K absorption of 2-methyl-l,3-cyclopentanedione
from EPA solution
3200 2800 2400 A
FIGURE 18. Ambient temperature absorption of 2-methyl-l,3-
cyclopentanedione from EPA-NaOEt solution
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FIGURE 19. 77°K absorption of 2-methyl-l,3-cyclopentanedione
from EPA-NaOEt solution
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FIGURE 20. Emission at 77QK of 2-methyl-l,3-cyclopentanedione from EPA solution
I_______________
3400 A
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FIGURE 21. Ambient temperature absorption of 2-methyl-l,
3-cyclohexanedione from EPA solution
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3200 2800 2400 A
FIGURE 22. 77°K absorption of 2-methyl-l,3-cyclohexanedione
from EPA solution
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FIGURE 23. Ambient temperature absorption of 2-methyl-l,3-
cyclohexanedione from EPA-NaOEt solution
3200 2800 2400
FIGURE 24. 77°K absorption of 2-methyl-l,3-cyclohexanedione from
EPA-NaOEt solution
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the ions is red-shifted relative to the absorption spectrum of the 
neutral molecule.
The absorption spectra of 2-methyl-l,3-cyclopentanedione and 
its ions are similar to the absorption spectra of 2-methyl-l,3-cyclo­
hexanedione and the ions derived from it. Both compounds show the same 
effects with respect to temperature and the addition of sodium ethoxide.
The emission spectrum of 2-methyl-1,3-eyelohexanedione is 
shown in Figure 25. This emission was obtained by exciting 2-methyl-l, 
3-cyclohexanedione at 2940 A. The emission has little structure and 
is thought to be a phosphorescence because it can be observed with a 
phosphoroscope. The emission from 2-methyl-l,3-cyclohexanedione 
occurs in the same region as the emission which occurs from 2 -methyl-l, 
3-cyclopentanedione.
The absorption spectra of glutarimide and succinimide are 
shown in Figures 26 and 27. The emission spectra of glutarimide, 
succinimide, and N-methyl-succinimlde are shown in Figures 28, 29, 
and 30. These emissions were obtained from samples which were excited 
at 2940 A. These three emissions occur in the same region of the 
spectrum. The emission for N-methyl-succlnimlde was measured to insure 
that the emitting species was not the conjugate base of the parent com­
pound because these imides are somewhat acidic^. These emissions are 
thought to be phosphorescences because they can be observed with a 
phosphoroscope. The emissions observed from the imides are energeti­
cally similar to the emissions observed from the 3-diketones.
The absorption, emission, and excitation spectra of these 
compounds are shown collectively in Figures 31 and 32. Because the
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FIGURE 25. Emission at 77°K of 2-methyl-l,3-cyclohexanedione from EPA solution
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FIGURE 26. 77°K absorption of glutarimide from EPA solution
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FIGURE 27. 77aK absorption of succinimide from EPA solution
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FIGURE 28. Emission at 77°K of glutarimide from EPA solution.
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FIGURE 29. Emission at 77°K of succinimide from EPA solution
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FIGURE 30. Emission at 77°K of N-methyl-succinimide from EPA solution
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FIGURE 31.
Absorption, excitation and emission spectra 
of lmides and p-diketones at 77°K from EPA solution
1 - Glutarimide
2 - Succinimide
3 - 2-methyl-l,3-cyclohexanedione
4 - 2-methyl-l,3-cyclopentanedione
5 - N-methyl-succiniraide
6 - 2-methyl-l,3-cyclohexanedione
7 - 2-methyl-l,3-cyclopentanedione
8 - 2-methyl-1,3-cyclopentanedione at 77°K in NaOEt
9 - 2-methyl-l,3-cyclopentanedione at room temperature
in NaOEt
10 - 2-methyl-1,3-cyclopentanedione at 77°K
11 - 2-methyl-l,3-cyclopentanedione at room temperature
Absorption. 10
Emission
Excitation
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FIGURE 31. Absorption, excitation, and emission spectra of imides and 3-diketones 
at 77°K from EPA solution
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FIGURE 32.
Absorption and excitation spectra 
of imides and 3-diketones at 77°K from EPA solution
1 - N-methyl-succinitnide
2 - Giutarimide
3 - Succinimide
4 - 2 -methyl-1,3-cyclohexanedione at room temperature
in NaOEt
5 - 2-methyI-l,3-cycIohexanedione at 77°K in NaOEt
6 - 2-methyl-l,3-cyclohexanedione at 77°K
7 - 2-methyl-I,3-cyclohexanedione at room temperature
8 - Succinimide
9 - Giutarimide
Absorption Absorption
Excitation
3500 3000 3000 3000
FIGURE 32, Absorption and excitation spectra of irnides and 0-diketones at 77°K 
from EPA solution
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absorption, emission, and excitation spectra were obtained with in­
struments with different wavelength drive speeds, the scale is broken.
All of these compounds exhibit emissions which are energeti­
cally and structurally similar. All emissions were obtained by 
exciting the samples at 2940 A. The excitation spectra were obtained 
by monitoring the emissions at 4000 A.
The excitation spectrum of each of these compounds exhibits 
a maximum which occurs between 3300 and 3600 A . This maximum in 
the excitation spectrum did not correspond to any electronic transi­
tion initially found in the absorption spectrum. The excitation 
spectra are not corrected for changes in the excitation energy and 
photomultiplier/monochromator variations with wavelength. The long 
wavelength absorption spectrum of 2 -methyl-1 ,3-cyclopentanedione is 
shown in Figure 33. This spectrum was measured from an 8.7 x 10-^ M. 
EPA solution of 2-methyl-1,3-cyclopentanedione in a ten centimeter 
cell. The extinction coefficient at this region is approximately 
three. This is probably a T*-S transition. This transition is re­
sponsible for the maximum in the excitation spectrum. Close examina­
tion of the long wavelength absorption spectrum of N-methyl-succinimide 
reveals that this compound begins to absorb energy at 3500 A. Thus 
there is a transition in this region which is responsible for the 
observed excitation.
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FIGURE 33. Long wavelength ambient temperature absorption 
spectrum of 2-methyl-1 ,3-cyclopentanedione from EPA solution
CHAPTER XV 
SUtMARY AND CONCLUSIONS
Hie absorption, emission, and excitation spectra of the 
compounds studied are similar. This similarity is graphically 
demonstrated in the excitation and emission spectra.
The similarity in emission spectra indicates that the 
low-lying electronic states of the itnides and 0-diketones have a 
similar electronic configuration. This similarity in charge distri­
bution in the excited and ground states for both the itnides and the 
P-diketones would seem to be an impossibility because of the non-bonding 
pair of electrons on the nitrogen atom in the imides. The only possible 
way to account for the similarity in charge distribution is to recall 
the structure of the keto ion. The keto ion does have a pair of non­
bonding electrons on the a-carbon and these electrons make the keto 
ion isoelectronic with the imlde moiety. This isoelectronic phenomenon 
is demonstrated in the emission spectra.
The basic problem of selecting geometries which prohibit the 
formation of the keto ions was not solved by studying the spectra of 
these small molecules. Possibly the solution to the problem can be 
found by applying these procedures to other compounds capable of 
undergoing enol-keto tautomerism. Bicycllc 3-diketones might be used 
as model compounds for such a study.
The absorption spectra of the compounds studied in this 
research are similar to the absorption spectra reported by Cheng; 
however, the luminescence spectra of the compounds studied in this 
research are quite different than the luminescence spectra reported by
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Cheng because no luminescence which could unequivocably be attributed 
to an ion with the keto-ion structure was found in this research.
The excitation spectra measured in this research indicate that lumines­
cence occurs from the neutral molecules in solution, whereas Cheng 
found that the excitation spectra matched the absorption spectra of 
the ions rather than the neutral molecules. However, the paper of 
Grens and Venags shows only the absorption spectra of the neutral 
molecules and not the ions. Gren and. Vanag state that the ions of 
the cyclopentanediones are in minute quantities and are usually incap­
able of being detected in the ultraviolet region.
Some obvious problem areas are opened by the results of these 
experiments. The singlet-triplet absorption observed in these experi­
ments could be unequivocally verified by studying the heavy atom effect 
on the absorption spectra of the N-substituted imides. N-methyl-, 
N-bromo-, and N-chloro-succinimide should show the heavy atom effect in 
the absorption spectra. The cyclic imides represent an important class 
of compounds because of their significance in biology.
The keto-ion problem could possibly be solved by utilizing 
infrared spectroscopy. The infrared spectra of the keto-ion should be 
quite different than that of the enolate ions with respect to the 
carbonyl stretching frequency. This infrared absorption experiment 
would aid in verifying the existence of the keto-ion. Solvent inter­
ferences would cause a researcher extensive problems in the infrared 
region because most solvents that enhance the formation of the keto-ion 
absorb in the carbonyl stretch region.
APPENDICES
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APPENDIX A
Selected Emission Spectra of Some Benzoic Acid Derivatives
The spectra in this section are results of an attempt to 
measure the fluorescence spectra of some aromatic aldehydes. Even 
though no fluorescence for benzaldehyde or salicylaldehyde was found, 
some interesting observations were made on the products of the auto­
oxidation of benzaldehyde.
The geometries of the unsubstituted carbonyl derivatives of 
benzene are very similar. This similarity in geometry is particularly 
evident in the phosphorescence spectra of the carbonyl derivatives of 
benzene. Figures 34, 35, and 36(A) show the phosphorescence spectra 
of acetophenone , benzaldehyde Orv-n), and benzoic acid (tt*-t t) >
respectively. These phosphorescences were measured at 77°K frotn samples 
dissolved in 3-MP. All of the above mentioned phosphorescences are 
energetically similar. Figure 36(B) shows the phosphorescence of 
peroxybenzoic acid. The phosphorescence of' peroxybenzoic acid is 
similar to the phosphorescence of benzoic acid. The'phosphores­
cence of peroxybenzoic acid is red-shifted relative to the phos­
phorescence of benzoic acid.
Figures 37 and 38 show the fluorescence spectra of solid
benzoic acid and toluene in 3 MF. The fluorescence of solid benzoic acid
Is similar to the fluorescence of toluene with respect to the vibrational 
envelope. Figure 39 shows the fluorescence of peroxybenzoic acid. 
Peroxybenzoic acid is formed through the auto-oxidation of benzaldehyde^ . 
In this series of experiments, no fluorescence from benzaldehyde or
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FIGURE 34. Phosphorescence at 77°K of acetophenone from 3-MP solution
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4600 4400 4200 4000 A
FIGURE 35. Phosphorescence at 77°K of benzaldehyde from 3-MP
solution
4600 4400 4200 4000 3800
FIGURE 36. Phosphorescence at 77**K of benzoic acid (A) and 
peroxybenzoic acid (B) from 3-MP solution
I I I
3400 3200 3000 A
FIGURE 37. Fluorescence at 77°K of solid benzoic acid
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FIGURE 38. Fluorescence at 77°K of toluene from 3-MP solution
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3400 3200 3000 A
FIGURE 39. Fluorescence at 77<>K of peroxybenzoic acid from 3-MP 
solution
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benzoic acid in 3-MP at 77°K was measurable. However, the product 
formed from ultraviolet irradiated benzaldehyde does fluoresce. 
Fluorescence is also observed from the residue which is formed around 
the lid of a bottle containing benzaldehyde. It was also found that 
no fluorescence occurs from mixtures containing different amounts of 
benzaldehyde and benzoic acid. From the above observations it was 
concluded that the fluorescence was from peroxybenzoic acid.
Fluorescence from peroxybenzoic acid occurs because the 
low-lying fl**n transition, which occurs in benzaldehyde at a lower 
energy than the is raised to a higher energy level than the
V**TT transition energy because of the presence of the extra oxygen 
atom. The presence of the extra oxygen atom leads to an internal 
solvent effect. The fluorescence occurs because the lowest energy 
transition in peroxybenzoic acid corresponds to rather than
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APPENDIX B
Construction and Operation of a Densitometer Accessory
Densitometers have been used by many scientists who require 
photographic methods in their work. The spectroscopist can use 
photography to measure the emission and absorption spectra of molecules 
while the physicist can use it for studying plasmas created in shock 
tubes^l. The electrical engineer uses photography in the construction 
of integrated circuits^2 . There are a countless number of places 
where photography can be used in science. Each scientist who uses 
photography requires a method for quantitatively measuring the darkness 
or opacity of the photographic plates. Densitometers are instruments 
which allow him to measure this parameter. A densitometer has been 
needed in this laboratory for many years because the photographic 
method is occasionally used to record spectra.
All densitometers utilize the same basic design and have the 
following components: a light source, a slit, a carriage for mounting
and reproducibly moving the photographic plate, a detector, an amplifier, 
and a recorder. The opacity is measured as the collimated light from 
the slit passes through the plate into the detector. The detector 
produces a signal proportional to some function of the opacity. The 
signal is then amplified and recorded.
The recording spectrophotometer is another instrument used
extensively by scientists. All recording spectrophotometers have the
following components: a light source, a monochromator, a sample
compartment, a detectorj an amplifier, and a recorder. The recording
spectrophotometer has many of the same components present in the
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densitometer. An absorption spectrum is obtained by passing mono­
chromatic light through the sample, amplifying the signal from the 
detector, and recording the result. An absorption spectrum can be 
considered to be an attenuation profile for a dielectric medium.
Either single- or double-beam operation is possible in most recording 
spectrophotometers.
Because both Instruments described above are similar, the 
author was led to believe that an accessory could be built which 
would allow one to use the recording spectrophotometer as a densitometer. 
An accessory permitting this versatility would be practical because of 
the lack of a good densitometer in this laboratory. The accessory 
should be portable and permit one to convert the recording spectro­
photometer from absorption to opacity measurements very easily.
There are several designs for an accessory that allow one to 
use a recording spectrophotometer as a densitometer. One of these 
designs is undesirable because it requires an external light source 
and power supply. This design is described strictly for the sake of 
completeness. Figure 40 shows a side view of this design. This 
accessory can be constructed so that the mirror and its support fit 
into the sample compartment of a recording spectrophotometer. The 
light, collimated by the lens and slit, passes through the photographic 
plate and is reflected into the detector by the mirror. The carriage 
moves the plate, and the opacity as a function of position is measured. 
This accessory allows one to make opacity measurements with the record­
ing spectrophotometer.because it uses the detection, amplification, and 
recording system ordinarily used for absorption studies.
FIGURE 40.
Densitometer accessory with external light source
W  - External light source 
- Lens 
S - Slit 
MS - Mirror support 
M  - Mirror 
C - Cell compartment 
L2 - Spectrophotometer's lenses 
D - Detector 
P - Plate holder
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FIGURE 40. Densitometer accessory with external light source
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Figure 41 shows the side view of an accessory that does not 
require an external light source. With this accessory, one can use 
the light source of the recording spectrophotometer. An accessory 
with this design has a mirror Ml which reflects light from the 
source W  to mirror M2 . M 2 reflects the beam to M3 . A lens is located 
between M2 and M3 which focuses the light onto the slit S as the beam 
is reflected from M 3 to M 4 . The collimated beam is reflected by M4 
into the detector D. Both Mi and M 4 are placed in the sample compartment 
and function as "periscopes". A fiber optics transmission guide would 
work just as well for this purpose. The photographic plate is attached 
to a mobile carriage which travels normal to the collimated beam. The 
variations in opacity attenuate the beam as it passes through the 
photographic plate. The detector D responds to these variations in 
intensity. The amplified signal is then recorded. This design for 
an accessory is advantageous because it allows one to use the light 
source, the detector, the amplifier, and the recorder that are part of 
the recording spectrophotometer. The accessory can be built to fit 
into the sample compartment of most commercially available spectro­
photometers. One can use this accessory in either a single-beam or 
a double-beam densitometry.
I designed the accessory to adapt to the sample compartment 
of the Cary Model 14 Recording Spectrophotometer. This spectrophoto­
meter has a large sample compartment which permits one to place 
dewars, polarizers, filters, and other optical components in the 
path of the monochromatic light beam. The Cary 14 also has a very 
intense light source for measurements in the visible region of the
FIGURE 41.
Densitometer accessory with spectrophotometer1s light source
tf - Spectrophotometer's light source 
Li, L3 - Spectrophotometer's lenses 
Mi, M 2 , M3 , M4 - Mirrors 
1*2 - Accessory's lens 
S - Slit 
PC - Plate carriage 
D - Detector 
C - Cell compartment
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FIGURE 41, Densitometer accessory with spectrophotometer's light source
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spectrum. Numerous slidewires of various sensitivities are also 
available for the Cary 14. Many types of spectra can be recorded 
with thiB spectrophotometer. These measurements Include the following: 
double-beam absorption, single-beam absorption, and per cent transmission. 
Single-beam absorption is commonly called reference mode operation.
The base for the accessory is a 3/4" x 6-1/4" x 22" aluminum 
plate. Two 1" diameter holes allow the light from the tungsten lamp, 
located in the Cary 14, to pass through the plate. Eight 1/2" diameter 
aluminum rods are attached to the plate with four 10-24 studs. Four 
1/2" square aluminum bars are supported by these rods. These bars 
serve as mounts and fulcrums for the 1" x 1" x 1/4" aluminum mirror 
supports. Second surface 3/4" x 2" mirrors were cemented to these 
supports. The plate holder is a rectangular piece of aluminum with an 
elongated window cut from it. A 1/4-20 nut is attached to one end and 
a guide is attached to the other end of the holder. A trench was 
machined from the 3/4" aluminum support. The guide was placed in this 
trench so that the same path would be followed during each measurement.
A 1/4-20 machine screw was treaded through the nut and guide and attached 
to a 5 rpm synchronous motor. This motor propels the carriage at a 
velocity of 1/4" per minute. Figure 42 shows the location of these 
compartments. A lens between M3 and M 4 focuses the light onto the 
slit S. The slit width determines the resolution of the spectra.
Figure 43 shows the construction details of the slit. A feeler gauge 
was used to adjust the slit width. StainleBB steel Injector type 
razor blades were used for slit jaws. These razor blades have smooth 
edges and do not produce undesirable diffraction patterns. Slit width
FIGURE 42.
Top view of densitometer accessory
M - Motor 
S - Drive screw 
G - Guides 
B - Bushing 
PC - Plate carriage
" trench
FIGURE 42. Top view of densitometer accessory
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top view
side view
R - razor blades 
S - set screws
FIGURE 43. View of slit used with densitometer accessory
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was maintained by applying pressure upon the jaws from two 2-56 
screws. Narrow slit widths were used to resolve the spectra.
Exact optical alignment is important because this determines 
the sensitivity of the resulting densitometer. The slit, lens, and 
mirrors must be placed along the optical axis of the Cary 14. There 
are several methods useful for this purpose. One can align the 
mirrors with a small He-Ne laser. The slit and lens should be 
removed when this method is used. The laser is placed on a flat, 
level table and pointed toward a reflecting surface. A wall with a 
diffuse finish is excellent for this purpose. The position where 
the beam strikes the wall is circled with a pencil and serves as a 
reference point. Without disturbing the laser, the densitometer 
accessory is placed so that the fulcrums of mirrors Ml and M4 are 
between the laser and the wall. Two lab jacks can be used for this 
purpose. The mirrors are then adjusted until the laser beam strikes 
the reference spot on the wall. The mirror supports are constrained to 
this position by tightening the bolts which pass through the 1/2" 
square aluminum bars.
The covers are removed from the sample and reference com­
partments in the Cary 14. Mirrors M^ and M 4. are placed in the sample 
compartment. The Cary 14 and the tungsten lamp are turned on and 
allowed to warm up. The master switch is off during this period and 
the Cary 14 is operated in the single-beam or reference mode. The 
wavelength drive is set at 5600 A because this is the maximum 
intensity for the tungsten lamp. The slit on the Cary 14 is opened to 
permit visual inspection of the optical path. The slit for the
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accessory is attached and positioned to allow maximum light trans­
mission. This position can be determined with the photomultiplier and 
pen turned on because the signal will be a maximum when the slit is on 
the optical axis. The lens is attached to the accessory and is used to 
focus the light onto the slit. The slit and lens are adjusted to allow 
maximum light transmission to the detector. These last few steps 
should be performed in subdued lighting to prevent damaging the detector. 
A plate can now be traced with the accessory.
The slit control on the Cary 14 is used to zero the recorder 
in a clear region of the plate. The plate is positioned such that the 
spectrum is normal to the slit. The motor which drives the plate 
carriage and the chart on the Cary 14 are turned on. As the plate 
moves past the slit, the recorder on the Cary 14 produces a graphical 
display of the spectrum.
This accessory is useful because it allows one to use a 
recording spectrophotometer as a densitometer. The accessory is 
inexpensive because it utilizes the detection system of the spectro­
photometer. One can use the accessory when the spectrophotometer is 
operated in the single- or double-beam mode. Although double-beam 
operation is sometimes advantageous, it is usually obtained only with 
the most expensive densitometers. Photographic plates with a "foggy” 
background can easily be traced with this accessory because of the 
intense light source available with most spectrophotometers. This 
accessory, when coupled with a good quality recording spectrophotometer, 
will produce a densitometer which can compete with any commercially 
available instrument.
APPENDIX C 
Construction and Operating Principles 
of Nano-Second Decay Lamp
This lamp was designed and built to be used in conjunction 
with the PAR Model 160 Box Car Integrator for fluorescence lifetime 
measurements. An accessory which allows one to resolve events 
separated by .35 nano-seconds was to have been available before 
the time of this writing. With this accessory, one could very 
accurately measure the kinetic parameters associated with the popu­
lation and depopulation of excited states. However, the accessory 
has not been sent by its manufacturer.
A lamp with a very rapid decay time is necessary for time 
resolved spectroscopy studies to prevent the measurement from being 
obscured by inhomogeneous broadening in time. Inhomogeneous 
broadening in time is caused by excitation of the dielectric media 
by the tail of the exciting light pulse. This tail of the exciting 
light pulse introduces a broad tail in the emissive act and distorts 
the waveform amplitude.
Figure 44 shows a view of the light source. The high 
voltage electrode is fastened to the feed through with a small phono 
needle test prod chuck. The high voltage electrode is made from 1/16"
o. d. tungsten which has been ground to a sharp point. The lower 
electrode chuck at ground potential is silver-soldered to a brass 
pipe fitting. Small holes at the top of the chuck allow the gas to 
flow into or be drawn from the lamp. At one atmosphere pressure the
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UHV Coupler
jr\
i(t)
time (t) 
lcm= 2 0 x 10
I - Intensity
R
T
B
Q
E
V
22M resistor
Teflon seat with "0" ring grooves
Brass shield
Quartz envelope
Tungsten electrodes
Valve for filling
FIGURE 44. View of nano-second decay lamp
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decay time of the lamp is less than five nano-seconds. The lifetime 
was measured with a IP-28 photomultiplier tube and a Tektronic 
Model 556 oscilloscope.
This lamp does not require an external valve or tube to 
control the flow of current. The lamp operates in what is known as 
the relaxation mode. The chain of events which leads to the firing 
of the lamp follows: The high voltage lead is attached to the power
supply (2-10 kv) with a coaxial cable. The power is then applied to 
the lamp and current begins to flow through the resistor. A charge 
begins to develop on the capacitor formed by the spacing between the 
electrodes. The rate of charge build-up on the electrodes is deter­
mined by the resistor. Eventually the voltage drop across the 
resistor exceeds the breakdown voltage of the gas dielectric. The 
ionization of the gas causes current to flow between the electrodes. 
The amount of current that flows between the electrodes is limited by 
the resistor* The resistance of the resistor is selected so that a 
continuous arc can not exist between the electrodes. Hie intensity 
drops off very rapidly as a function of time because of the high 
resistance in the circuit. The theory of similar relaxation 
oscillators is discussed elsewhere^.
The quartz tube in the lamp is seated against "O" rings to 
insure against leakage both at positive and negative pressures within 
the lamp. The topmost threaded teflon Insulator is used to seat the 
"0 " rings against the quartz tubing. A specially constructed spanner 
wrench Is used to screw the teflon insulator into the threaded brass. 
The spanner wrench fits into two small holes in the teflon and is
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used to apply torque to the "0" rings. This design is useful because 
it eliminates the need for close tolerances for the quartz tube.
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